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(54) Porous ceramics body for in vivo and in vitro use 



(57) A porous ceramics body for in vivo or in vitro 
1 use in which a number of pores are closely distributed 
in three dimensional directions, adjoining pores thereof 
being partitioned by wall portions with respective com- 
munication ports to bring said adjoining pores into com- 
munication with each other such that a series of con- 
nected spherical pores are formed therewith in, said po- 
rous ceramics body being made of a sintered calcium 



phosphate body, characterized in that, within said sin- 
tered calcium phosphate body, pores each having a di- 
ameter of 5 microns (u.m) or more account for 80 % or 
more of all the pores in terms of volume whereas pores 
having a diameter of less than 5 microns (ujti) account 
for less than 20 % of all the pores in terms of volume as 
subjected to a mercury porosimeter measurement. 



CO 
CO 
04 



Q. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 197 233 A1 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a porous ce- 
ramics body for in vivo and in vitro use and more partic- 
ularly to a porous ceramics body for in vivo use made 
of a calcium phosphate sintered material which is pref- 
erably used for artificial bones and as a filling material 
for such artificial bones and has an excellent property 
in forming osseous tissues of a living body as well as a 
high degree of strength and also to a culture vessel for 
cells. 

Description of the Related Art 

[0002] In the medical fields such as surgery or ortho- 
paedic surgery, the reconstruction of osseous tissues of 
a patient having defective portions or cavities in his or 
her bones caused by a disease, an accident or an sur- 
gical operation was conventionally practiced by collect- 
ing osseous materials from another portion of the pa- 
tient's own body or the body of his or her parent, rela- 
tives, brothers or sisters to fill such defective portions or 
cavities. 

[0003] However, a surgical operation for collecting 
such osseous materials is accompanied by unbearable 
pains in addition to requiring tremendous expenses and 
labor. Further, there is a limitation in filling the defective 
portions with human osseous materials alone and, if the 
defective portions in the patient's body covers an exten- 
sive area, it is very often impossible to secure a sufficient 
amount of human osseous materials. 
[0004] Recently, therefore, the research work on arti- 
ficial filling material for bones came to be strenuously 
conducted. 

[0005] In this connection, it is needed in burying arti- 
ficial osseous materials that such artificial osseous ma- 
terials are nontoxic and safe as well as having a high 
degree of mechanical strength and affinity with living tis- 
sues such that said artificial osseous materials easily 
become integrated with osseous tissue cells and vessel 
systems. Such material so far proposed includes sin- 
tered calcium phosphates such as tricalcium phos- 
phate, hydroxy apatite or the like. 
[0006] However, there is a problem that osseous tis- 
sues in a living body are not formed quickly if a sintered 
nonporous (or solid) member of calcium phosphate is 
buried therein with the result that an extremely long time 
is needed for recovery. 

[0007] Therefore, it is proposed to provide a sintered 
porous body of calcium phosphate which is to be buried 
in a living body to assure a quick integration with a living 
tissues after actually buried; that is, there is proposed a 
sintered porous body of calcium phosphate which al- 
lows easy entry of osseous tissues. 



[0008] The thus proposed conventional sintered po- 
rous body of calcium phosphate is formed of immature 
sintered porous material having an innumerable number 
of fine open pores in the walls portions. Here, the refer- 

5 ence to the immature sintered porous body was made 
to clarify that the crystalline particles to form a sintered 
body are not sufficiently connected, thus leaving gaps 
therebetween with the result that a number of fine pores 
having diameters substantially smaller than those of the 

10 crystalline particles are dispersed all over the sintered 
body. 

[0009] With the immature sintered porous body hav- 
ing an innumerable number of fine pores in the walls 
portions (the diameters of the majority of said pores are 

is as small as to the order of microns (u. m ) or less), it was 
conventionally thought that formation of bones are ac- 
tively done by virtue of such fine pores 
[0010] Now back to the proposed conventional po- 
rous ceramics body for in vivo use (sintered porous body 

20 of calcium phosphate), there is a problem that said body 
cannot be used for treatment of large defective portions 
in a bone because sufficient mechanical strength as re- 
quired for an artificial bone is not attained as the imma- 
ture sintered porous body has an innumerable number 

25 of fine open pores in the wall portions. 

[0011] On the other hand, there is another problem 
that an extremely long period of time is needed for re- 
covery of the patient because osseous tissues in a living 
body are not quickly formed if a solid sintered body of 

30 calcium phosphate is used for the ceramics body for in 
vivo use in order to assure the mechanical strength as 
mentioned above. 

[0012] The inventors made an intensive research 
work in order to overcome the above shortcomings of 

35 the conventional porous ceramics body for in vivo use 
(a sintered body of calcium phosphate). As a result, the 
reduction of strength in the sintered body of calcium 
phosphate was found less if said ceramics body of cal- 
cium phosphate has a particular pore structure, thus re- 

40 taining the strength required for artificial bones and ar- 
tificial osseous filling material. Further, it was found that 
said particular pore structure of the sintered calcium 
phosphate body assures quick formation of osseous tis- 
sues as a result of osseous tissue cells (osteoblast cells) 

45 and blood vessels entering the pores such that forma- 
tion of the osseous tissues is prompted. Based on this 
knowledge, the inventors have completed the porous 
ceramics body for in vivo or in vitro use according to the 
present invention. 

50 

SUMMARY OF THE INVENTION 

[0013] The present invention has been made to solve 
the problems discussed hereinbefore and its object is to 
ss provide a porous ceramics body for in vivo or in vitro use 
which is excellent in maintaining a sufficient mechanical 
strength while prompting the formation of osseous sys- 
tem tissues such that suitable artificial bones, an artifi- 
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cial filling material for osseous systems. 
[0014] The porous ceramics body according to the 
present invention is characterized in that a number of 
pores are closely distributed in three dimensional direc- 
tions, adjoining pores thereof being partitioned by wall 
portions formed with respective communication ports to 
bring said adjoining pores into communication with each 
other such that a vacancy of a series of spherical pores 
are formed therewithin, said porous ceramics body be- 
ing made of a sintered calcium phosphate body, char- 
acterized in that, within said sintered calcium phosphate 
body, pores each having a diameter of 5 microns (urn) 
or more account for 80 % or more of all the pores in 
terms of volume whereas pores having a diameter of 
less than 5 microns (urn) account for less than 20 % of 
all the pores in terms of volume as subjected to a mer- 
cury porosimeter measurement. 
[001 5] As disclosed hereinbefore, the porous ceram- 
ics body according to the present invention is charac- 
terized in that a series of spherical pores are closely dis- 
tributed in three dimensional directions such that said 
series of spherical pores allow the entry of osseous sys- 
tem cells (osteoblast cells) thereinto through the com- 
munication ports whereas adjoining pores are parti- 
tioned by wall portions in which there are substantially 
no open pores having a diameter of less than 5 microns 
(u.m), said porous ceramics body being made of a sin- 
tered calcium phosphate body. 
[0016] That is, the porous ceramics body for in vivo 
use according to the present invention is made of the 
sintered calcium phosphate body of the aforementioned 
structure having therein a number of open pores to allow 
the entry of osseous system cells (osteoblast cells or 
the like) and blood vessels thereinto whereas there are 
substantially no pores except the communication ports 
in the wall portions. 

[0017] Further, it is preferable that the volume of the 
pores having a diameter of 5 microns (u.m) or more ac- 
counts for 90 % of all the pores or more and the ratio of 
93% or more is further preferable. 
[0018] Therefore, it is easy for osseous system cells 
(osteoblast cells or the like) to enter the porous body, 
thus prompting the formation of osseous systems. Fur- ' 
ther, the substantial absence of pores in the wall por- 
tions prevents remarkable reduction in the mechanical 
strength as compared with a solid sintered calcium 
phosphate body with the result that a predetermined 
mechanical strength required for artificial bones is as- 
sured. 

[0019] In this connection, it is to be noted that it is 
achieved by complete sintering to minimize fine pores 
in the wall portions which partition adjoining pores like 
in the porous ceramics body according to the present 
invention. The complete sintering means in this context 
that crystalline particles constituting the sintered body 
are completely connected to each other leaving no gaps 
therebetween to such an extent that there are substan- 
tially no pores smaller than the crystalline particles all 



through the sintered body. 

[0020] Further, it was observed that osseous systems 
are sufficiently formed in the completely sintered body 
like in the porous ceramics body according to the 
5 present invention and thatthe porous ceramics body ac- 
cording to the present invention is suitable for artificial 
bones and a filling material for artificial osseous sys- 
tems. 

[0021] It is preferable here that pores accounting for 
10 an accumulated ratio of 50 % in terms of volume have 
a diameter of 1 0 to 600 microns (u.m) as subjected to a 
mercury porosimeter measurement. 
[0022] In this way, since pores accounting for an ac- 
cumulated ratio of 50 % in terms of volume have a di- 
15 ameter in the range of 1 0 to 600 microns (u.m) as sub- 
jected to a mercury porosimeter measurement, osseous 
system cells (osteoblast cells or the like) are quickly ad- 
mitted into the porous ceramics body for in vivo or in 
vitro use to prompt the formation of osseous systems. 
20 [0023] It is to be noted that it is impossible to effec- 
tively admit osseous system cells (osteoblast cells or the 
like) into the porous ceramics body for in vivo or in vitro 
use if pores accounting for an accumulated ratio of 50 
% in terms of volume have a diameter less than 1 0 mi- 
25 crons (urn). If, on the other hand, pores accounting for 
an accumulated ratio of 50 % in terms of volume have 
a diameter more than 600 microns (u,m), osseous sys- 
tem cells (osteoblast cells or the like) which have been 
admitted thereinto will flow out without making the for- 
30 mation of osseous systems. Therefore, it is preferable 
that pores accounting for an accumulated ratio of 50 % 
in terms of volume have a diameter of 1 0 to 600 microns 
(urn) as subjected to a mercury porosimeter measure- 
ment. 

35 [0024] It is further preferable that pores accounting for 
an accumulated ration of 50 % in terms of volume have 
a diameter of 20 to 200 microns (ujti) if the mechanical 
strength thereof and the cell entry and subsequent sta- 
bility thereat is to be considered and, in this respect, the 
40 diameter of 30 to 100 microns (ujti) is still further pref- 
erable. 

[0025] It is still further preferable that said sintered 
calcium phosphate body has a porosity of 45 to 90 %. 
[0026] If the porosity is less than 45 %, the distribution 
4 5 of the pores is too sparse to obtain a series of spherical 
pores in mutual communication. A porous ceramics 
body which does not have a series of spherical pores in 
mutual communication has a problem that osseous sys- 
tem cells (osteoblast cells or the like) will not be admitted 
50 thereinto. 

[0027] Further, if the porosity of the sintered calcium 
phosphate body is more than 90 %, the mechanical 
strength of the porous ceramics body falls to such an 
extent the same is not suitable for artificial bones. 
55 [0028] Therefore, it is preferable that said sintered 
calcium phosphate body has a porosity of 45 to 90 %. 
[0029] It is further preferable that said sintered calci- 
um phosphate body is a sintered body made of a mate- 
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rial selected from hydroxy apatite, tricalcjum phosphate 
and a composite material thereof. Hydroxy apatite is 
particularly preferable. 

[0030] Such sintered calcium phosphate body adopt- 
ed for the porous ceramics body for in vivo use has an 
affinity with the human body and converted into com- 
plete osseous systems. Therefore, the need for a re-op- 
eration to remove surgical titanium or stainless steel 
members is eliminated. 

[0031] It is further preferable that each wall portion 
has a surface spread with calcium phosphate particles 
closely as if stone pavement, given calcium phosphate 
particles cooperating to define a recess therebetween, 
said recess having a diameter equal to or less than a 
mean particle diameter. 

[0032] Due to the structure as disclosed above, cells 
take root uniformly and extensively. Further, the parti- 
cles hardly fall off from the surface of the wall portions 
of the porous ceramics body such that there is no cause 
for cracks to be formed, thus improving the strength 
thereof. Further, calcium phosphate particles are se- 
curely joined to each other to prevent them from falling 
off therefrom such that washing thereof is easily done. 
[0033] in this connection, the disclosure to the effect 
that given calcium phosphate particles cooperate to de- 
fine a recess therebetween and that said recess has di- 
ameter equal to or less than a mean particle diameter 
means that the height h shown in Fig. 15 is equal to or 
less than a mean particle diameter. Such calcium phos- 
phate particles and those therearound make a flat sur- 
face, thus providing an extensive contact area between 
the particles which prevents a possibility to drop there- 
from and contributes to improvement of strength. If there 
is cutting dust on the surface, it can be difficult for fluid 
to enter the sintered calcium phosphate body. The sin- 
tered calcium phosphate body according to the present 
invention controls generation of floating particles like the 
cutting dust as mentioned above. Therefore, the risk of 
floating particles preventing the entry of the fluid there- 
into is eliminated. 

[0034] In addition, as well known by a person skilled 
in art, a diameter of the pores as subjected to a mercury 
porosimeter measurement is being defined as the nar- 
rowest part within the series of open pores and corre- 
sponds with communication ports 3 in Fig. 1 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] 

Fig. 1 is an explanatory cross-sectional view of a 
porous structure in the sintered body of calcium 
phosphate forming a porous ceramics body for in 
vivo use according to the present invention; 
Fig. 2 is an explanatory cross-sectional view of a 
typical porous structure in the prior art sintered body 
of calcium phosphate; 

Figs. 3 show electron microscopic pictures of po- 



rous ceramic body made of hydroxy apatite to be 
explained in the embodiment of the present inven- 
tion (magnification of 35 in Fig. 3a, magnification of 
150 in Fig. 3b, and magnification of 10,000 in Fig. 
5 3c); 

Figs. 4 show electron microscopic pictures of a prior 
art porous ceramic body for in vivo use (magnifica- 
tion of 35 in Fig. 4a, magnification of 1 50 in Fig. 4b, 
and magnification of 10,000 in Fig. 4c); 

10 Figs. 5 show electron microscopic pictures of an- 
other prior art porous ceramic body for in vivo use 
(magnification of 35 in Fig. 5a, magnification of 150 
in Fig. 5b, and magnification of 10,000 in Fig. 5c); 
Figs. 6 show electron microscopic pictures of a fur- 

15 ther prior art porous ceramic body for in vivo use 
(magnification of 35 in Fig. 6a, magnification of 1 50 
in Fig. 6b, and magnification of 10,000 in Fig. 6c); 
Figs. 7 show electron microscopic pictures of a still 
further prior art porous ceramic body for in vivo use 

20 (magnification of 35 in Fig. 7a, magnification of 1 50 
in Fig. 7b, and magnification of 10,000 in Fig. 7c); 
Figs. 8 show electron microscopic pictures of a still 
further prior art porous ceramic body for in vivo use 
(magnification of 35 in Fig. 8a, magnification of 150 

25 in Fig. 8b, and magnification of 10,000 in Fig. 8c); 

Fig. 9 is a graph showing a dispersion of fine pores 
in the porous ceramics body (a specimen of Fig. 2) 
in accordance with the present invention as plotted 
by a press charged mercury method; 

30 Fig. 1 0 is a graph showing a dispersion of fine pores 
in the prior art body (a specimen of Fig. 4 as plotted 
by a press charged mercury method); 
Fig. 1 1 is a graph showing a dispersion of fine pores 
in the prior art body (a specimen of Fig. 5 as plotted 

35 by a press charged mercury method); 

Fig. 1 2 is a graph showing a dispersion of fine pores 
in the prior art body (a specimen of Fig. 6 as plotted 
by a press charged mercury method); 
Fig. 1 3 is a graph showing a dispersion of fine pores 

40 in the prior art body (a specimen of Fig. 7 as plotted 
by a press charged mercury method); 
Fig. 14 is a graph showing a dispersion of fine pores 
in the prior art body (a specimen of Fig. 8 as plotted 
by a press charged mercury method); and 

45 Fig. 15 is an explanatory view of the recesses 
formed between the particles on the wall surface 
which forms a pore. 

DESCRIPTION OF THE PREFERRED 
50 EMBODIMENTS 

[0036] Hereinafter, one embodiment of the present in- 
vention directed to a porous ceramics member for in vivo 
or in vitro use will be explained specifically and in detail 
55 with reference to the attached drawings. In this connec- 
tion, the embodiment of the present invention and the 
prior art will be compared to explain the invention such 
that the porous ceramics member for in vivo use in ac- 
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cordance with the present invention will be more easily 
understood. 

[0037] First of all, the porous structure of the embod- 
iment in accordance with the present invention will be 
explained referring to Fig. 1 whereas the prior art struc- 
ture will be explained referring to Fig. 2. It is to be noted 
in this connection that Fig. 1 is an explanatory cross- 
sectional view of the porous structure in the sintered 
body of calcium phosphate forming a porous ceramics 
body for in vivo or in vitro use according to the present 
invention whereas Fig. 2 is an explanatory cross-sec- 
tional view of the typical porous structure in the sintered 
body of calcium phosphate in the prior art. 
[0038] The embodiment of the invention shown in Fig. 
1 explains a porous ceramics body for in vivo use made 
of a sintered calcium phosphate material, in which a 
number of pores 2 are closely or densely distributed in 
three dimensional directions, adjoining pores thereof 
being partitioned by wall portions 1 formed with respec- 
tive communication ports 3 such that said a number of 
pores 2 are provided in the form of a cluster or festoon 
within the porous ceramics body. In other words, said 
closely or densely distributed a number of pores 2 are 
in general partitioned by wall portions 1 . Said wall por- 
tions which are otherwise supposed to partition the ad- 
joining pores 2 have communication ports 2 to bring said 
adjoining pores 2 into communication with each other. 
As a result, a series of spherical pores are provided in 
the form of a cluster or festoon (as shown by the not- 
inked-in portions of the porous ceramics body in Fig. 1) 
within the porous ceramics body. 
[0039] Said wall portions per se which partition said 
series of spherical pores have substantially no pores 
formed therein. Further, the surfaces of the wall portions 
1 are formed with irregularities in the form of fine recess- 
es. 

[0040] By contrast, the prior art porous ceramics body 
for in vivo use as shown in Fig. 2 has a porous structure 
within in which there are formed a number of pores 5 
extending in three dimensional directions. Further, there 
are wall portions 1 to partition the pores 5, said wall por- 
tions per se being formed with fine pores 6 therewithin. 
[0041] In this way, the porous ceramics body for in vi- 
vo use according to the present invention is formed with 
the spherical pores 2 in communication with each other 
to be closely or densely distributed, therewithin in three 
dimensional directions so as to allow easy entry of os- 
seous tissue cells (osteoblast cells) or capillary vessel 
cells thereinto, thus prompting formation of osseous 
systems. 

[0042] Particularly, since the wall portions 1 to parti- 
tion adjoining spherical pores 2 in the present invention 
have no fine pores 6 as found in the prior art, there is 
no remarkable reduction in mechanical strength thereof. 
[0043] Next, the porous structure in the embodiment 
of the present invention and the prior art porous struc- 
ture will be shown referring to Figs. 3 through 8. 
[0044] Figs. 3a, 3b and 3c are electron microscopic 



pictures of porous ceramics body according to the 
present invention in which said body is made of hydroxy 
apatite; Fig. 3a picture was taken by an electron micro- 
scope with a magnification power of 35, Fig. 3b picture 
5 was taken by an electron microscope with a magnifica- 
tion power of 150, and Fig. 3c picture was taken by an 
electron microscope with a magnification power of 
10,000. 

[0045] Figs. 4a, 4b and 4c are electron microscopic 
10 pictures of a prior art porous ceramics body for in vivo 
use (manufactured by company A; Fig. 4a picture was 
taken by an electron microscope with a magnification 
power of 35, Fig. 4b picture was taken by an electron 
microscope with a magnification power of 150, and Fig. 
'5 4c picture was taken by an electron microscope with a 
magnification power of 1 0,000. 
[0046] Fig. 5a, Fig. 5b and Fig. 5c are electron micro- 
scopic pictures of another prior art porous ceramics 
body for in vivo use (manufactured by company B; Fig. 
20 5a picture was taken by an electron microscope with a 
magnification power of 35, Fig. 5b picture was taken by 
an electron microscope with a magnification power of 
150, and Fig. 5c picture was taken by an electron mi- 
croscope with a magnification power of 10,000. 
25 [0047] Fig. 6a, Fig. 6b and Fig. 6c are electron micro- 
scopic pictures of a further prior art porous ceramics 
body for in vivo use (manufactured by company C; Fig. 
6a was taken by an electron microscope by a magnifi- 
cation power of 35, Fig. 6b picture was taken by an elec- 
30 tron microscope with a magnification power of 1 50, and 
Fig. 6c picture was taken by an electron microscope with 
a magnification power of 10,000. 
[0048] Fig. 7a, Fig. 7b and Fig. 7c are electron micro- 
scopic pictures of a still further prior art porous ceramics 
35 body for in vivo use (manufactured by company D; Fig. 
7a picture was taken by an electron microscope with a 
magnification power of 35, Fig. 7b picture was taken by 
an electron microscope with a magnification power of 
150, and Fig. 7c picture was taken by an electron mi- 
40 croscope with a magnification power of 1 0,000. 

[0049] Fig. 8a, Fig. 8b and Fig. 8c are electron micro- 
scopic pictures of a still further prior art porous ceramics 
body for in vivo use (manufactured by company E; Fig. 
8a picture was taken by an electron microscope with a 
45 magnification power of 35, Fig. 8b picture was taken by 
an electron microscope with a magnification power of 
150, and Fig. 8c picture was taken by an electron mi- 
croscope with a magnification power of 10,000. 
[0050] As clearly seen from the above electron micro- 
50 scopic pictures in the present invention, the majority of 
the wall portions 1 of the porous ceramics body has no 
fine pores but is formed with fine irregularities in the form 
of recesses in the surface thereof. By contrast, the wall 
portions 1 of the prior art porous ceramics body are 
55 formed with fine pores 6 therewithin and the communi- 
cation ports are not formed. 

[0051] Next, the distribution of the fine pores in the 
porous ceramics body according to the present inven- 
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tion and the prior art counterpart are subjected to a mer- 
cury porosimeter examination (press charged mercury 
method). The result thereof will be shown in Figs. 9 
through 14. 

[0052] Here, Fig. 9 is a distribution map of fine pores 5 
plotted on the basis of the mercury porosimeter exami- 
nation for the porous ceramics body for in vivo use ac- 
cording to the present invention (a specimen shown in 
Fig. 3); Fig. 1 0 is a distribution map of fine pores plotted 
on the basis of mercury prosimeter examination for the 
prior art counterpart (the specimen shown in Fig. 4); and 
Fig. 11 is a distribution map of fine pores plotted on the 
basis of mercury prosimeter examination for the prior art 
counterpart (the specimen shown in Fig. 5); Fig. 12 is a 
distribution map of fine pores plotted on the basis of mer- 
cury prosimeter examination for the prior art counterpart 
(the specimen shown in Fig. 6); Fig. 13 is a distribution 
map of fine pores plotted on the basis of mercury po- 
rosimeter examination for the prior art counterpart (the 
specimen shown in Fig. 7); and Fig. 14 is a distribution 
map of fine pores plotted on the basis of mercury po- 
rosimeter examination for the prior art counterpart (the 
specimen shown in Fig. 8). 

[0053] In this connection, the solid line in each figure 
is representative of the distribution of the diameter of 
fine pores whereas the dotted line therein is represent- 
ative of the distribution of the total volume thereof. 
[0054] As shown Fig. 9, the porous ceramics body ac- 
cording to the present invention has a distribution of fine 
pores (measured by the mercury porosimeter examina- 
tion) showing that the pores account for 80 % or more 
of all the pores in terms of volumes have a diameter of 
5 micron (5u.m) or more and it is preferable that so do 
the pores accounting for 90 % or more. 
[0055] Therefore, the volume of the pores each hav- 
ing a diameter of 5 micron (5u,m) or less accounts for 
less than 20 % of the total volume of all the pores there- 
within and it is preferable that so do the pores account- 
ing for less than 10 %. 

[0056] In the prior art, on the other hand, Figs. 10 
through 1 4 show that the volume of the pores each hav- 
ing a diameter of 5ujti or more accounts for 50 % or less 
while pores accounting for at least 50 % or more thereof 
have fine pores (each having a diameter of less than 
5jim). 

[0057] In this connection, the fine pore distribution 
(distribution plotted on the basis of the result of meas- 
urement by the mercury porosimeter examination) 
shown in Fig. 9 indicates that the diameters of the pores 
accounting for an accumulated percentage of 50 % are 
about 60 urn Further, the fine pore distribution (plotted 
on the basis of the result of measurement by the mer- 
cury porosimeter examination) as shown in Figs. 10 
through 14 indicates that the diameters of the pores ac- 
counting for an accumulated percentage of 50 are about 
0.1 u.m (Fig. 10), about 2.5u.m (Fig. 11), about 1.5u.m 
(Fig. 12), about 3ujti (Fig. 13), and about 0.3jim (Fig. 
14). 



[0058] From the above data, it is noted that the porous 
ceramics body according to the present invention has a 
very small number of or substantially no fine pores in 
the wall portions. 

[0059] In this way, since the porous ceramics body ac- 
cording to the present invention is made of a sintered 
porous ceramics material having a very small number 
of pores in the wall portion of the porous body, said po- 
rous body is excellent in strength property such as bend- 
ing strength. If the bending strength is lower to the level 
of the prior art, it is possible to have a higher percentage 
of pores. 

[0060] The porous ceramics body for in vivo use (that 
is, the porous ceramics body made of a sintered hydroxy 
apatite having the pore percentage of 75 %, the pore 
diameter (central value) of spherical pores of 150u.m) 
has a bending strength of 5 to 8 M Pa which is two to 
three times a similar prior art sintered body (the pore 
percentage of 70 % or thereabout and the average pore 
diameter of 200nm). 

[0061] Now, according to the present invention, it is 
preferable that calcium phosphate particles formed 
through granular growth by sintering constitute the body. 
In this case, a plurality of material particles fuse each 
other until particles rounded overall are observed on the 
surface by microscope. The surface of the porous ce- 
ramics body are relatively smoothly constructed by 
closely spreading said calcium phosphate particles 
overall such that the irregularities formed in the form of 
recesses between a given calcium phosphate particle 
on the surface and another given adjoining calcium 
phosphate particle on the surface are equal to or less 
than the mean particle diameter, thus ensuring that the 
body fluid is kept from stagnating to make it easy for the 
human cells to stick thereto uniformly and overall. 
[0062] Further, the particles hardly fall off from the sur- 
face of the wall portions of the porous ceramics body 
such that there is no cause for cracks to be formed, thus 
improving the strength thereof. 

[0063] Further, since the surface of the wall portions 
spread with the calcium phosphate particles are in the 
shape of a reversed figure of the letters <o in cross sec- 
tion, it is assumed that cells are effectively nested in tiny 
recesses defined therebetween. Further, calcium phos- 
phate particles are securely joined to each other to pre- 
vent them from falling off therefrom such that washing 
thereof is easily done. 

[0064] Further, the handling thereof at the time of a 
surgical operation is so easy that powder is hardly pro- 
duced by any partial breakage. It is also possible to pro- 
vide a shape to fit that of broken part of the patient's 
bone. Further, if the broken part of the patients bone is 
to be refilled with the porous ceramics body in the form 
of granules which will not be squashed under refilling 
work, the porous structure of the refilling material is 
maintained to assure effective formation of osseous is- 
sues. 

[0065] Further, it is preferable in the porous ceramics 
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body according to the present invention that the diame- 
ter of the communication ports 3 in the form of a series 
of spherical pores is in the range of 1 0 to 600um (central 
value) for the accumulated volume percentage of 50% 
by press charged mercury method. 
[0066] In this way, the structure of the porous ceram- 
ics body is aimed at easy entry of osseous tissues (os- 
teoblast cells) or capillary vessels thereinto for stable 
and effective osseous formation. Thus, the entry of os- 
seous cells (osteoblast cells) is not easy with a pore di- 
ameter of less than 10u,m (central value) while the cir- 
culation of the body fluid increases to such an extent 
that the cells will not take root due to flowout thereof at 
more than 600p.m. 

[0067] Further, the pore percentage of the porous ce- 
ramics body for in vivo use in accordance with the 
present invention is in the range of 45 % to 90 %. 
[0068] If the porosity ratio is less than 45 %, the os- 
seous tissue cells (osteblast cells) or blood vessels will 
not enter the porous ceramics body easily. On the other 
hand, it is impossible to maintain a sufficient strength 
with the porosity ratio of more than 90 %. It is preferable 
in the present invention that the porosity ratio is in the 
neighborhood of 75 %. 

[0069] Further, the porous ceramics body according 
to the present invention is preferably provided with fine 
irregularities in the wall portions 1 within the pores of 
said porous ceramics body and said irregularities are 
defined by sintered material particles such that the os- 
seous system cells (osteblast cells) take root to facilitate 
the osseous formation. 

[0070] Specific examples of sintered calcium phos- 
phates which constitute the porous ceramics include tri- 
calcium phosphate, hydroxy apatite, oxy apatite, quat- 
rocalcium phosphate and combinations thereof. Of said 
materials, hydroxy apatite, tricalcium phosphate and the 
combinations thereof are particularly preferable. 
[0071] Next, a method of manufacturing sintered cal- 
cium phosphates constituting porous ceramics body ac- 
cording to the present invention will be explained taking 
hydroxy apatite as an example. 
[0072] For example, a cross linked polymeric resin 
such as polyethylene imine [Mn: about 8000-10500] is 
added to hydroxy apatite [Ca 10 (PO 4 ) 6 (OH) 2 ] in powder 
form having a mean diameter of 0.1 to 5 urn together 
with ultra pure water as a dispersion medium therefor to 
mix and pulverize into a slurry. 

[0073] Next, a foaming agent (a member selected 
from polyoxy ethylene laurylether, lauryl betaine, and 
lauryl triethanol sulfate amine) is added to stir and foam 
the mixture. 

[0074] Further, a cross linking agent (sorbitol polygly- 
cin diether or the like) is added thereto before the 
foamed slurry is poured into mold where the foamed 
slurry is fixed and dried to be further subjected to sinter 
the same at a temperature of 1 1 00 °C to 1 300 °C to ob- 
tain a sintered porous hydroxy apatite body. 
[0075] This sintering step is done for 0.5 to 3 hours 



and the resultant body is known as a completely sintered 
porous body. 

[0076] It is to be noted here that the complete sintering 
indicates a state in which crystalline particles forming a 
5 sintered body are sufficiently connected each other 
leaving no gaps therebetween such that there are no 
pores substantially smaller than the crystalline particles 
all over the sintered body. 

[0077] Therefore, the fine pores in the wall portions 1 
10 of the body of the porous ceramics body disappear while 
the wall portions 1 of the body are formed with fine ir- 
regularities on the surfaces thereof. 
[0078] In the method according to the present inven- 
tion, since the pores are closely arranged within the tis- 
'5 sues, the wall portions of the porous ceramics body 
which partition the respective adjoining pores are so thin 
as to collapse on drying or sintering to define communi- 
cation ports. Further, since no press molding is involved 
in the manufacture of the porous ceramics body, a sin- 
20 tered body having a high porosity is easily obtained. 
[0079] Further, since the porous body is completely 
sintered, fine pores are prevented from being formed in 
the wall portions. 

[0080] Since the thus obtained porous ceramics body 
25 for in vivo and in vitro use according to the present in- 
vention is excellent in prompting the in vivo osseous for- 
mation while maintaining the mechanical strength, it 
makes a suitable artificial bone or an artificial osseous 
filling material. Particularly, a sintered hydroxy apatite 
so body is most suitable for artificial bones or artificial filling 
materials. 

[EXAMPLES] 

35 [Example 1] 



[0081] A slurry was prepared by adding, as a cross 
linked polymeric resin, 10.5 parts by weight of polyeth- 
ylene imine (Mn8000 to 10500) to 100 parts by weight 
40 of powdered hydroxy apatite [Ca 10 (PO 4 ) 6 (OH) 2 ] having 
a mean diameter of 0.3 ujti together with 70 parts by 
weight of ultra pure water as a dispersion agent for mix- 
ing and pulverizing. 

[0082] Next, 0.3 parts by weight of a foaming agent 
45 (polyoxyethylene laurylether) was added to said slurry 
to be stirred and foamed. 

[0083] Further, 3.5 parts by weight of cross linking 
agent (sorbitol polyglycin diether or the like) was added 
to fix the foam structure before the foamed slurry is 
50 poured into a mold to be dried and then, sintered at a 
temperature of 1200°C for one hour to obtain a speci- 
men (100 x 100 x 100mm) of a sintered hydroxy apatite 
body (porous ceramics body for in vivo use). 
[0084] Said specimen was subjected to mercury po- 
55 rosimeter examination to measure the distribution of the 
pores and the result is shown in Fig. 9. 
[0085] It was disclosed from Fig. 9 that pores having 
diameters of 5u.m or more accounts for 97 % or more of 
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the entire pores in the thus obtained porous ceramics 
body for in vivo use whereas fine pores having a diam- 
eter of less than 5u.m scarcely exist. Further, the porosity 
calculated from the bulk specific gravity and the true 
specific gravity is 75 %. Further, the bending strength 
measurement of the porous ceramics body specimen is 
8MPa. 

[Comparative Example 1 ] 

[0086] Three types of commercially available calcium 
phosphates [including (A) the specimen shown in Figs. 
4 (manufactured by company A: HAp (hydroxy apatite) 
having a porosity of 70%; (B) the specimen shown in 
Figs. 5 (manufactured by company B: HAp of 70%, 
(3-TCP (tricalcium phosphate) of 30%, a porosity of 55 
%; (C) the specimen shown in Figs. 6 (manufactured by 
company C: p-TCP a porosity of 75 % ) were prepared 
and subjected to the examination in accordance with the 
press charged mercury method to show obtained results 
in Figs. 10 through 12. 

[0087] From the figures, it was observed that the prior 
art sintered porous body had a considerably larger 
number of fine pores having a diameter of less than 5 
u.m than the embodiments. 

[0088] Now, the bending strength in A was 2MPa; that 
in B was 4MPa; and that in C was 3MPa. 

[Reference Example] 

[0089] A tiny piece having a diameter of 1 0mm and a 
length of 4mm was prepared from the specimen used in 
Embodiment 1 . Said piece was subjected to a normal 
sterilization process and, thereafter, was implanted in 
the back of a rat 

[0090] As a result, it was observed two weeks later 
that cells entered the porous body a week earlier than 
the commercially available product A. 
[0091] In this connection, although it was explained 
that the porous body suits an artificial bone or an artifi- 
cial osseous filling material in the above embodiment, 
the porous ceramics body for in vivo or in vitro use ac- 
cording to the present invention can be suitably used for 
a material used for controlled release of chemicals with- 
in a living body. Particularly, tricalcium phosphate is suit- 
able as the material for controlled release of chemicals 
as porous ceramics body for in vivo use. 
[0092] Since the porous ceramics body for in vivo or 
in vitro use according to the present invention is made 
of a sintered calcium body having a particular structure, 
in vivo osseous formation is promptly done and excel- 
lent in the strength, thus providing a suitable material as 
artificial bones, artificial osseous filler, a material for 
controlled release of chemicals or a culture vessel for 
cells. 
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Claims 

1 . A porous ceramics body for in vivo or in vitro use in 
which a number of pores are closely distributed in 

5 three dimensional directions, adjoining pores there- 
of being partitioned by wall portions which is formed 
with respective communication ports to bring said 
adjoining pores into communication with each other 
such that a series of spherical pores are formed 

10 therewithin , said porous ceramics body being made 
of a sintered calcium phosphate body, character- 
ized in that, within said sintered calcium phosphate 
body, open pores each having a diameter of 5 mi- 
crons (fim) or more account for 80 % or more of all 

15 the pores in terms of volume whereas open pores 
having a diameter of less than 5 microns (ujti) ac- 
count for less than 20 % of ail the pores in terms of 
volume as subjected to a mercury porosimeter 
measurement. 

20 

2. A porous ceramics body for in vivo or in vitro use as 
set forth in claim 1 , wherein pores accounting for an 
accumulated ratio of 50 % in terms of volume have 
a diameter of 10 to 600 microns (u,m) as subjected 

25 to a mercury porosimeter measurement. 

3. A porous ceramics body for in vivo or in vitro use as 
set forth in claim 1 or 2, wherein said sintered cal- 
cium phosphate body has a porosity of 45 to 90 %. 

30 

4. A porous ceramics body for in vivo or in vitro use as 
set forth in claim 1 or 2, wherein said sintered cal- 
cium phosphate body is a sintered body made of a 
material selected from hydroxy apatite, tricalcium 

35 phosphate and a composite material thereof. 

5. A porous ceramics body for in vivo or in vitro use as 
set forth in claim 3, wherein said sintered calcium 
phosphate body is a sintered body made of a ma- 

40 terial selected from hydroxy apatite, tricalcium 
phosphate and a composite material thereof. 

6. A porous ceramics body for in vivo use as set forth 
in claim 1 or claim 2, wherein each wall portion has 

45 a surface spread with calcium phosphate particles, 
given adjoining calcium phosphate particles coop- 
erating to define a recess therebetween, said re- 
cess having a depth equal to or less than a mean 
particle diameter. 

50 

7. A porous ceramics body for in vivo or in vitro use as 
set forth in claim 3, wherein each wall portion has a 
surface spread with calcium phosphate particles, 
given adjoining calcium phosphate particles coop- 

55 erating to define a recess therebetween, said re- 
cess having a depth equal to or less than a mean 
particle diameter. 
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8. A porous ceramics body for in vivo or in vitro use as 
set forth in claim 4, wherein each wall portion has a 
surface spread with calcium phosphate particles, 
given calcium phosphate particles cooperating to 
define a recess therebetween, said recess having 5 
a depth equal to or less than a mean particle diam- 
eter. 

9. A porous ceramics body for in vivo or in vitro use as 

set forth in claim 4, wherein each wall portion has a io 
surface spread with calcium phosphate particles, 
given adjoining calcium phosphate particles coop- 
erating to define a recess therebetween, said re- 
cess having a depth equal to or less than a mean 
particle diameter. is 
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Fig. 1 
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Fig.3 a 
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Fig.4a 
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Fig. 6 a 
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Fig. 7 a 
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Fig. 8 a 
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Fig. 10. 
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Fig. 12 
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